Envelope and thylakoid membranes from pea (Pisum sativum var. Laxton's Progress No. 9) chloroplasts were analyzed for the presence of glycoproteins using two different approaches. First, the sugar composition of delipidated membrane polypeptides was measured directly using gas chromatographic analysis. The virtual absence of sugars suggests that plastid membranes lack glycoproteins. Second, membrane polypeptides separated by sodium dodecyl sulfate gel electrophoresis were tested for reactivity toward three different lectins: Concanavalin A, Ricinus communis agglutinin, and wheat germ agglutinin. In each case, there was no reactivity between any of the lectins and the plastid polypeptides. Microsomal membranes from pea tissues were used as a positive control. Glycoproteins were readily detectable in microsomal membranes using either of the two techniques. From these results it was concluded that pea chloroplast membranes do not contain glycosylated polypeptides.
In both plant and animal cells, many membrane proteins are posttranslationally modified by the addition of carbohydrate moieties. The initial glycosylation steps occur in the ER (8, 21) , with additional carbohydrate often being added in the golgi. The resulting membrane glycoproteins are found in all of the membranes of the endomembrane system, i.e. the ER, golgi, and plasma membrane (9) . However, glycoproteins have also been reported to be present in other internal membrane systems. For example, mitochondrial membranes in both animal (9, 1 1) and plant cells (14) have been reported to contain glycoproteins. Evidence has also been presented to indicate that chloroplasts contain glycoproteins (1, 2, 15, 19, 20, 22) , although some of this evidence has been disputed (18) . In particular, Racusen and Poincelot (20) reported that chloroplast envelope membranes contain significant levels of protein-bound hexosamine, suggesting that these membranes contain glycoproteins. The presence of glycoproteins in mitochondria and chloroplasts has important implications for the biogenesis of these glycosylated polypeptides. Since the ER and golgi are the only documented sites of glycosylation (8, 21) , this suggests that organellar glycoproteins are glycosylated in the ER and golgi, and are subsequently transported to the proper organelle.
Because the presence of glycoproteins in chloroplast membranes has potential significance for understanding their biogenesis, we have attempted to reconfirm the earlier report (20) , and to identify and further characterize any glycoproteins which might exist in the envelope and thylakoid membranes of pea chloroplasts. 
MATERIALS AND METHODS
Percoll, Con A2, and WGA were obtained from Sigma. Ricinus communis agglutinin was purchased from E-Y Laboratories, San Mateo, CA. Carrier-free Na'251 was obtained from New England Nuclear and density gradient grade sucrose from Schwarz/Mann. All other chemicals were reagent grade.
Assays. Chl was determined by the method of Arnon (3).
Protein was estimated by the modified Lowry procedure described by Markwell et al. (16) using BSA as a standard.
Purification of Intact Chloroplasts. Peas (Pisum sativum var.
Laxton's Progress No. 9) were sown in vermiculite and grown for 2 to 3 weeks at 20°C under a regime of 11 h of 400 to 500 ft-c of cool white fluorescent light and 13 h darkness. Intact chloroplasts were purified from homogenates of pea seedlings as described (6) . Briefly, pea shoots (200 g) were rinsed with distilled H20, homogenized with a Polytron in 800 ml cold homogenization buffer (50 mM Hepes/NaOH [pH 7.5], containing 0.33 M sorbitol and 0.1% [w/v] BSA), and then filtered through eight layers of cheesecloth containing cotton between the top two layers. Chloroplasts were sedimented from the filtered homogenate by centrifugation for 2 min at 2,500gmax in a Sorvall HS-4 rotor with hand braking. The pellet was suspended in 20 ml homogenization buffer and layered onto two 30-ml Percoll gradients which were preformed by centrifuging suspensions of Percoll (50% in homogenization buffer) at 43,000gmax for 30 min in a Sorvall SS-34 rotor. The overlayered gradients were centrifuged for 30 min at l,000gmax in a Sorvall HB-4 rotor. Intact chloroplasts, which form a band near the bottom of the gradient at a density of about 1.12 g/ml, were recovered by sedimentation at 2,000gmax for 7 min in a Sorvall HB-4 rotor and were then washed twice with homogenization buffer lacking BSA.
Fractionation of Chloroplasts. Chloroplasts were fractionated by a modification of the procedure of Douce and Joyard (7) as described earlier (6) . Purified intact chloroplasts (20-25 mg Chl) were lysed by incubation for 2 min in 10 to 15 ml 10 mm Tricine/ NaOH (pH 7.5), containing 4 Sugar analyses were performed as described previously (4) . Briefly this involves release of the sugars by acid hydrolysis using 2 N trifluoroacetic acid for 2 h at 121 'C. Free sugars were reduced with sodium borohydride and the resulting alditols were acetylated with acetic anhydride. The resulting alditol acetates were extracted into chloroform and analyzed by GLC using a Hewlett-Packard Model 5830A gas chromatograph fitted with glass columns (1.828 m x 2 mm) packed with 3% OV-275 on gas chrom Q.
Lectin Staining of SDS-Polyacrylamide Gels. Con A, RCA, and WGA (1-2 mg in 0.05 M Tris-HCl [pH 7.5] containing 0.15 M NaCl and 0.1% NaN:3) were iodinated with 125I (1 mCi) in the presence of inhibitory saccharides by the chloramine T method described by Burridge (5) with the exception that iodination was carried out for 15 min. After iodination, the lectins were purified by gel filtration chromatography on BioGel P-10. Con A was further purified by affinity chromatography on Sephadex G-50. RCA was further purified by affinity chromatography on Sepharose 4B. The repurified iodinated lectins were dialyzed extensively against 0.05 M Tris-HCl (pH 7.5) containing 0.15 M NaCl and 0.1% NaN3. Bovine hemoglobin was added to 125I-lectin preparations as a carrier protein at a concentration of 2.5 mg/ml. The specific activities of the iodinated lectins ranged from 1.5 to 4 x 10" cpm/mg protein.
SDS-polyacrylamide gel electrophoresis was carried out in 0.8-mm thick slab gels using the discontinuous buffer system of Laemmli (12) . The stacking gel was I to 2 cm long and was polymerized from a 4% acrylamide solution. The separating gel (8 cm) was polymerized from a 10% acrylamide solution. Membrane samples were prepared for electrophoresis by dissolving pellets in sample buffer at room temperature. Stromal proteins were first precipitated with 80% acetone and then dissolved in sample buffer at room temperature. Electrophoresis was carried out at a constant current of 12 mamp for 4 to 5 h. After electrophoresis, gels destined for Con A or RCA overlay were stained with Coomassie blue R250 and destained (5) . Gels for WGA overlay were fixed in methanol:water:acetic acid (5:5:1) for 2 h. Gels were then equilibrated in 0.05 M Tris-HCl (pH 7.5) containing 0.15 M NaCl + 0.1% (w/v) NaN: as described (5) . For demonstration of hapten reversibility of lectin binding, the respective inhibitory saccharides were included at 20 to 40 mg/ml in the equilibration buffer. Gels were subsequently incubated with lectins as described by Burridge (5) . Briefly, the gels were overlaid with radioactive lectin (at a concentration of 107 cpm/ml) with or without inhibitory saccharide (40 mg/ml) for 1.5 h at room temperature. The gels were then washed extensively with 0.05 M Tris/HCl (pH 7.5) containing 0.15 M NaCl and 0.1% NaN3 (with or without inhibitory saccharides). Gels overlaid with either Con A or RCA were dried and then exposed to X-ray film. Gels overlaid with WGA were stained with Coomassie and destained prior to drying and autoradiography.
RESULTS

Sugar Compositions of Chloroplast Membrane Components.
Purified intact chloroplasts from young pea seedlings were used to prepare envelope and thylakoid membranes as described in Methods. Inasmuch as both of these membranes are known to contain large amounts of glycolipids (7), the membranes used for compositional studies were first fractionated into lipid and protein portions by organic solvent extraction. The acetone-soluble lipid fraction was analyzed separately from the insoluble protein fraction and the results are shown in Tables I and II, respectively. The lipid fractions of chloroplast membranes contained galactose as the predominant sugar. This was expected since galactolip- envelope membranes were extracted by addition of 4 volumes of cold acetone to a suspension of membranes (0.5 mg protein/ml) followed by incubation on ice for 10 min. The acetone-precipitated proteins were recovered by centrifugation in an Eppendorf microfuge (1 min) and were dissolved in sample buffer at room temperature. Lane 4, thylakoid membranes were pelleted and dissolved in sample buffer at room temperature. Lane 5, thylakoid membranes were extracted with acetone as described above. Mol wt were determined with the following markers: phosphorylase b (94,000), BSA (68,000), catalase (57,000), fumarase (49,000), aldolase (40,000), malate dehydrogenase (34,000), carbonic anhydrase (29,000), soybean trypsin inhibitor (21,000), and hemoglobin (15,000).
teins are detected as radioactive bands by autoradiography.
For these analyses three lectins were chosen which are known to react with a broad spectrum of plant and animal glycoproteins. They are: Con A, which is specific for a-mannosyl and a-glucosyl residues (14) ; RCA, which is specific for galactosyl residues (14) ; and WGA, which is specific for N-acetylglucosaminyl and sialyl residues (14) . Figures 2, 3, and 4 show the results of analyzing plastid membrane polypeptides using these three lectins. In each case, the specificity of lectin binding was confirmed by treating duplicate samples with lectin in the presence of the appropriate sugar hapten.
Con A does not show a reaction with the polypeptides from any of the plastid fractions, ie. stroma, thylakoids, or envelopes (Fig.  2) . Under these same conditions, Con A does react in a hapten reversible manner with a large number of polypeptides from the microsomal membrane fraction (Fig. 2) CHLOROPLAST MEMBRANES LACK GLYCOPROTEINS the detection limit will depend upon the binding constant of the lectin for the carbohydrate residues as well as the number of carbohydrate moities on a glycoprotein, and therefore will vary from one glycoprotein to another.
RCA also does not react with any polypeptides from the plastid fractions (Fig. 3) . However, it does show hapten-reversible binding to a component of thylakoid and envelope membranes which precedes the dye front. This component is most likely galactolipid, which would be expected to move near the dye front and also to bind RCA. RCA also binds to a component preceding the dye front in the microsomal membrane fraction, suggesting that this fraction contains some galactolipids. This agrees with the composition data (Table I) Electrophoresis of protein samples (60 Mug) was carried out in a 10%1o acrylamide gel as described under "Materials and Methods." The gel was stained, destained, and equilibrated as described. The left half of the gel was then overlaid with '251'I-Con A, whereas the right half was overlaid with I2r)I-Con A in the presence of the hapten, a-methylglucoside (40 mg/ml). The gel was subsequently washed, dried, and subjected to autoradiography. The upper portion of the figure is the Coomassie-stained gel. The lower portion is the autoradiogram of the same gel. Lanes: E, pea chloroplast envelope membranes; T, thylakoid membranes; S. chloroplast stromal proteins; M, pea microsomal membranes; MW, mol wt standards (1I Mg of each protein). The mol wt standards were the same as described in Figure I a positive control for the technique, the polypeptides of rabbit serum were tested. As expected, several polypeptides from rabbit serum showed hapten-reversible binding of RCA.
WGA also fails to react with chloroplast proteins (Fig. 4) 
